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The Σ(1385) resonance, or Σ∗, is well-known as part of the standard baryon decuplet with spin
J = 3/2. Measurements of the reaction γp→ K+Σ∗0 are difficult to extract due to overlap with the
nearby Λ(1405) resonance. However, the reaction γn → K+Σ∗− has no overlap with the Λ(1405)
due to its charge. Here we report the first measurement of cross sections and beam asymmetries
for photoproduction of the Σ∗− from a deuteron target, where the K+ and pi− are detected in the
LEPS spectrometer. The cross sections at forward angles range from 0.4 to 1.2 µb, with a broad
maximum near Eγ ≃ 1.8 GeV. The beam asymmetries are negative, in contrast to postive values
for the γn→ K+Σ− reaction.
PACS numbers: 13.60.Rj, 13.88.+e, 24.70.+s, 25.20.Lj
The photoproduction of the spin J = 3/2 baryon reso-
nance with strangeness−1 at a mass of 1385 MeV, known
as the Σ∗, is virtually unknown except for a few early
bubble-chamber experiments [1], preliminary data from
CLAS [2], and data from LEPS with large photon energy
bins [3] (all from a proton target). The Σ∗ is the lowest
mass strange baryon in the decuplet of J = 3/2 baryons,
so measurements of its production cross section and spin
observables are of intrinsic interest to compare with the-
oretical calculations based on SU(3) symmetry and the
well known ∆ resonance photoproduction amplitudes [4].
A recent paper by Oh, Ko and Nakayama [5] states
“photoproduction of KΣ∗ provides a useful tool for test-
ing baryon models”. In particular, the KΣ∗ final state,
produced at higher W than for ground-state KΛ or KΣ
production, may be a good way to search for the so-called
“missing” resonances (those not listed by the Particle
Data Group [6]) as predicted by the constituent quark
model [7]. For example, Do¨ring et al. [8] suggest that
the ∆(1700) resonance may have a large coupling to the
KΣ∗ channel. There are many measurements of ∆ pro-
duction, due to its strong production cross section, but
2this does not give information on the KΣ∗ coupling.
Comparison between data for KΣ∗ production and re-
action models is one way to search for new resonances.
For example, in Ref. [5], preliminary data [2] for the
reaction γp → K+Σ∗0 near threshold are better fitted,
within this effective Lagrangian model, with the addi-
tion of several high-mass resonances (see [5] for details).
However, a larger body of data including spin asymme-
try observables is needed before any conclusions can be
reached on the need for additional baryon resonances.
Precise data for photoproduction of the Σ∗ resonance
will also help to constrain the SU(3) relations in produc-
tion mechanisms of decuplet baryons. In the model of
Ref. [5], many coupling constants are not constrained
by data, so standard SU(3) flavor symmetry relations [6]
were used for these coupling constants (e.g. those relat-
ing the piN∆ and KNΣ∗ couplings). The magnitude of
SU(3) flavor symmetry breaking in decuplet baryon pro-
duction is most easily tested by comparing theoretical
models with data for both ∆ and Σ∗ photoproduction.
As mentioned above, little data is available for produc-
tion of decuplet baryons beyond the ∆, leaving SU(3)
flavor symmetry largely untested among these baryons.
Here we report on the first photoproduction measure-
ment of the K+Σ∗− final state, done at the SPring-8
facility with the LEPS detector [9] and a deuterium tar-
get. Both the K+ and a coincident pi− (from the strong
decay Σ∗− → pi−Λ) were detected. Photons in the en-
ergy range of 1.5 to 2.4 GeV were produced using Comp-
ton backscattering of polarized laser light from 8 GeV
electrons in the SPring-8 storage ring. Details of the
beam and detectors have been described previously [9].
Briefly, the photon beam is incident on a 16 cm liquid
deuterium target, followed by a scintillator called the
start counter (SC) and a Cerenkov detector to veto e+e−
pairs. Charged particles go through tracking detectors,
into a dipole magnet, through wire chambers and on to a
time-of-flight (TOF) scintillator wall placed 4 m from the
target. The photon energy is calculated from the struck
electron, which goes into a tagging spectrometer inside
the SPring-8 storage ring. The trigger is formed from a
tagged electron, the SC with no Cerenkov veto, and a hit
in the TOF wall. The TOF resolution was about 150 ps,
and the typical momentum resolution was 6 MeV/c at a
momentum of 1 GeV/c.
The Σ∗ was identified using the missing mass tech-
nique. The K+ missing mass, MM(K+), is selected be-
tween 1.325 and 1.445 GeV to isolate the Σ∗− final state.
For these events, the missing mass of the K+pi− system,
MM(K+pi−), was fitted (using a Gaussian shape) at the
Λ mass. The missing mass spectra, integrated over all
angles and photon energies, are shown in Fig. 1, where
the top two plots are for all events and the bottom plots
are cut on the Σ∗− and Λ final states, respectively. Peaks
for the Σ and Σ∗ final states are clearly seen in the uncut
MM(K+) spectra (Fig. 1b). The Σ− decays with nearly
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FIG. 1: Mass spectra calculated using the missing mass tech-
nique for: (a) detectedK+pi−; (b) detectedK+ only; (c) same
as (a) but cut on the Σ(1385) peak shown by the dashed lines
in (b); (d) same as (b) but cut on the Λ peak shown by the
dashed lines in (a);
100% branching ratio to npi−, whereas the Σ∗− decays
about 87% to Λpi− and 11.7% to Σpi.
Peaks at the neutron, Λ and Σ masses are clearly seen
in the uncut MM(K+pi−) spectra (Fig. 1a). When a
cut on the Σ∗− peak is applied (dashed lines in Fig. 1b),
the MM(K+pi−) spectra show peaks at both Λ and Σ
masses (Fig. 1c). The Σ peak near 1.2 GeV is visible
in part due to γp → K+Σ∗0 production followed by the
decay Σ∗0 → Σ+pi−.
Similarly, when a cut on the Λ peak is applied (dashed
lines in Fig. 1a), the Σ(1385) dominates the MM(K+)
spectra (Fig. 1d). The background at higher mass (1.5-
1.8 GeV) is due to a combination of high-mass Σ∗ states
(having greater widths) and some Λ∗ resonances pro-
duced from the proton, then decaying to the Σ+pi−. Sim-
ulations show that the detector acceptance of the Λ∗ (af-
ter smearing for Fermi motion) is much smaller in the
region of interest than that of the Σ∗−.
In the final analysis, a data cut was also applied to
remove the small K∗0 peak in the invariant mass of the
K+pi− system (not shown). The K∗ production kine-
matics did not overlap with the Σ∗− kinematics due to
the forward angle detection of both decay particles in the
LEPS spectrometer.
Background from pi+ particles that were misidenti-
fied as a K+ was eliminated by calculating the missing
mass MM(pi+pi−) and then removing those events with
MM(pi+pi−) at the nucleon mass.
The complete set of event selections is: MM(K+pi−)
3around the Λ peak; M(K+pi−) not at the K∗0 peak; and
MM(pi+pi−) above the nucleon mass.
Other background from the proton contribution in the
deuterium target (e.g. due to higher-mass resonance de-
cays) in the region of interest was measured with a liquid
hydrogen target. This background (about 20% of the
signal) was directly subtracted.
The mass spectra are divided up into nine Eγ bins from
1.5 to 2.4 GeV, and four bins in the kaon center-of-mass
angle, θcm. Counts for both Σ
− and Σ∗− final states
were extracted by peak fits. The Σ− peak had extremely
little background (after a cut on the neutron peak in the
MM(K+pi−) spectrum). After subtracting background
from the hydrogen target, the Σ∗− decay to Λpi− was sep-
arated from the background leading to Σ0pi− (as shown
in Fig. 1c) by fitting to a Gaussian with a fixed mass and
a fixed width (extracted from Monte Carlo simulations).
The systematic uncertainty in peak fitting is estimated
at 7-8% in each bin based on various peakshapes and
polynomials used for the background shape. The fitted
χ2 was normally distributed and centered near unity.
Monte Carlo simulations were carried out using the
GEANT based [10] g3leps software [9]. Events for fi-
nal states of K+Σ∗−, K+Σ∗0, K+Σ− and K+Λ(1520)
from a deuteron target were generated. A realistic beam
distribution on target was used, along with known detec-
tor resolutions. Fermi broadening of the initial state nu-
cleon in deuterium was done by using the Paris potential.
The photon beam energy was calculated from Compton
backscattering kinematics, smeared by the energy width
of the stored electron beam. Over 10 million events were
generated into the detector acceptance, giving hundreds
of events for each final state in each of the energy-angle
bins. The event generators assumed a flat angular dis-
tribution in the center-of-mass frame, which is justified
in the end because of the nearly flat angular dependence
of the data. The counts from peak fits in each bin were
divided by the detector acceptance from the Monte Carlo
simulations, typically between 2% to 9% (depending on
the bin), giving the unnormalized yield.
The normalization of the data used several factors (see
Ref. [9] for details of the procedures). The 16 cm LD2
target had 6.77 × 1023 deuterons/cm2. The tagger de-
tected about 4.0× 1012 photons, distributed in energy as
expected from Compton scattering from the three UV-
laser lines. Because of material between the scattering
point and the target [9], only 52.6% ± 3% of these pho-
tons were transmitted to the target. A self-consistent
cross check was done by comparing to previously pub-
lished differential cross sections for the γn→ K+Σ− re-
action [11], which agreed to within 5%, and is taken as
the systematic uncertainty in the acceptance.
Using this normalization, the yield for Σ∗− production
from the neutron (including the 87% branching ratio for
decay to Λpi−) was converted to the cross sections shown
in Fig. 2. The cross sections are, in general, nearly con-
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FIG. 2: Cross sections for the reaction γn → K+Σ∗− as a
function of photon energy. Each plot is for the angle bin in
cos θcm as shown. The curve is from the model of Ref. [5] and
the shaded region extends over the given angular range.
stant for a given photon energy as a function of θcm. As
a function of photon energy, the cross sections initially
rise, peaking at about 1.85 GeV, then fall slightly. The
cross sections are, on average, slightly smaller than those
for Σ− production at the same angles [11].
Systematic uncertainties are dominated by the peak
fits and the background subtraction (from the proton),
giving an overall systematic uncertainty of 12%.
Theoretical calculations by Oh, Ko and Nakayama [5]
are also shown in Fig. 2 by the solid lines that are ob-
tained by using the phototransition amplitude of reso-
nances from the neutron as predicted in Ref. [7]. The
data are in reasonable agreement with the model, but
have an angular dependence that is less steep than for
the calculations. In the model of Ref. [5], the cross sec-
tions at forward angles are dominated by K+ exchange
in the t-channel, and the contribution from K∗ exchange
is negligible. Since K∗ exchange makes a strong con-
tribution to the γp → K+Λ reaction, the inferred lack
of K∗ exchange here will allow greater sensitivity to the
s-channel diagrams in the model of Ref. [5]. Further
theoretical investigations of N∗ resonances that couple
to this channel are desired.
Another independent constraint on the theoretical
models is given by the photon beam asymmetry, Σ. For
the present results, the beam is linearly polarized, rang-
ing from about 60% at the lowest energy up to ∼96%
at the Compton edge. The beam asymmetries can be
4extracted from the dependence of the cross section on
the azimuthal angle, φ, as shown in Fig. 3. The beam
asymmetry is defined as
PγΣcos 2φ =
xNv −Nh
xNv +Nh
(1)
where Pγ is the magnitude of the beam polarization,
Nv and Nh are the acceptance-corrected counts for the
beam polarized vertically and horizontally, respectively,
and x is a normalization factor to account for the ra-
tio of luminosity between the two beam polarizations
(x = 0.975 ± 0.02 for this analysis). The angle φ is
measured between the horizontal plane and the reaction
plane. Contamination from background was removed us-
ing the same procedure as described in Ref. [9]. The
systematic uncertainty associated with removal of the
background beam asymmetry is only a few percent.
Results for both Σ− and Σ∗− final states are shown,
for 3 bins in energy (averaged over all angle bins). Super-
imposed are curves fit to the expected cos 2φ shape. The
fit reproduces the data well, where only the amplitude is
allowed to vary. The beam asymmetries are clearly much
larger for Σ− than for Σ∗− production, and even changes
sign. Since asymmetries may be sensitive to the structure
of the production amplitudes, the observed small asym-
metries constrains the main production mechanism. It
is possible that there are multiple contributions to the
reaction mechanism (e.g., several s-channel resonances).
The amplitude for the fits shown in Fig. 3, when di-
vided by Pγ for the given photon energy bin, gives the
linear beam asymmetry, Σ, as shown in Fig. 4. The
large energy bins are necessary in order to get sufficient
statistics for the fits shown in Fig. 3. Fits with smaller
photon energy bins were also carried out, and no signifi-
cant energy dependence was seen. For the Σ− final state,
the beam asymmetries are in good agreement with the
angle-averaged values measured in Ref. [11] shown by
the open points. The beam asymmetries for the Σ∗− fi-
nal state clearly have opposite sign from that of the Σ−.
It also shows a weak energy dependence, although more
statistics are desirable to reach a firm conclusion. The
systematic uncertainty in the beam asymmetries is about
5%, primarily due to uncertainty measured for the laser
polarization.
In contrast to the large values of the beam asymme-
try for Σ− photoproduction predicted by the KaonMAID
model [12], the Σ∗− production model of Ref. [5] predicts
very small beam asymmetries. It was suggested in Ref.
[5] that the beam asymmetry is sensitive to the pres-
ence of s-channel resonance contributions for Σ∗0 photo-
production, switching from slightly positive for no reso-
nances to slightly negative when all resonance contribu-
tions are included (note the change in sign in the defi-
nition of beam asymmetry for Ref. [5]). Calculations in
this theoretical model are shown for the present reaction
(for Σ∗−) by the solid line in Fig. 4. These calculations
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FIG. 3: Azimuthal angle φ-dependence of the asymmetry
given by Eq. (1) for K+Σ− (left) and K+Σ∗− (right) photo-
production from the deuteron. Three energy bins are shown:
1.5-1.8 GeV (top), 1.8-2.1 GeV (middle) and 2.1-2.4 GeV
(bottom). The curves are fit to the function A cos 2φ.
have been averaged over the same angular range as for
the current experiment. In the model of Ref. [5], the
K∗ exchange gives a large asymmetry, as large as 0.5 at
cos θcm ≃ 0.5-0.8 and Eγ ≤ 2.4 GeV. Therefore, a small
beam asymmetry suggests that K∗ exchange is some-
what suppressed. However, the discrepancy between the
theoretical curve and the data in Fig. 4 requires further
theoretical studies.
In general, the experimental values are consistently
more negative than the theoretical predictions over the
entire photon energy range of 1.5-2.4 GeV, which are near
to zero for the whole integrated angular range. It is pos-
sible that final-state interactions in the deuteron target
could change the theoretical calculations, and since the
predicted beam asymmetry is small, these effects could
be significant. The present data will serve to constrain
future improvements in the theoretical calculations.
In summary, we have measured the first photoproduc-
tion cross sections and beam asymmetries for K+Σ∗−
photoproduction from the deuteron, by detecting both
a K+ and pi− in the final state using the LEPS spec-
trometer. The measurement is limited to forward an-
gles (cos θcm > 0.6) and photon energies of 1.5-2.4 GeV.
Simultaneously, Σ− photoproduction was measured and
shows good agreement with previous data [11]. The cross
sections for Σ∗− photoproduction peak at about 1.85
GeV and show a nearly-flat angular distribution. The
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FIG. 4: Linear beam asymmetry, Σ, for the reactions
K+Σ− (top) andK+Σ∗− (bottom) photoproduction from the
deuteron as a function of photon energy. The open points in
the top plot are weighted averages from Ref. [11], which are
offset from the bin center for visibility. The curve is from the
model of Ref. [5].
beam asymmetries are small and negative, and compari-
son with calculations in the model of Ref. [5] may suggest
that there are multiple s-channel resonance contributions
to Σ∗−photoproduction, and that K∗ exchange in the t-
channel is largely absent. These data may also be useful
to constrain other theoretical calculations of Σ∗− photo-
production, such as in the model of Lutz and Soyer [13],
and will be explored in a future paper.
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